Integrating behavior and cardiovascular responses: posture and locomotion. I. Static analysis. Am. J. Physiol. 265 (Regulatory Integrative Comp. Physiol. 34): Rl458-R1468, 1993.-Heart rate, arterial blood pressure, and renal and mesenteric or femoral blood flow were telemetered from 11 Papio hamadryas in an untethered free-ranging situation. The animals' behavior was recorded on videotape, and the cardiovascular (CV) data were recorded on the audio channels of the tape. The behavior was coded, and the codes were linked to the CV data via a time-code generator and computer control. The CV data were digitized into l-s intervals, and the static relations between CV measures and the postures/ locomotions (P/Ls) associated with the behavior were analyzed. The total frequency distributions for heart rate, blood pressure, and renal conductance approximated Gaussian distributions, whereas femoral conductance was positively skewed. The distribution for renal conductance suggested that during normal waking conditions the kidney is not maximally dilated and may increase or decrease its blood flow. All distributions were highly influenced by the Sit category, which occupied 80% of the total time. The CV measures for all P/Ls had wide ranges, and the CV values associated with each P/L overlapped those for the other P/Ls. The heart rate and renal conductance associated with the various P/Ls showed the largest deviations from the grand means and therefore contributed the most to the ability to discriminate one P/L from another. Blood pressure varied little from one P/L to another. The patterns of CV variables served to distinguish particular P/Ls very effectively. The frequency distributions were separated best when they were parceled on the basis of the intensity of behavior associated with a particular P/L. These variations in intensity were the major cause of the overlaps in the frequency distributions associated with P/Ls. cardiovascular control; telemetry PHYSIOLOGISTS generally recognize that a major direction for the future of physiology as a science must be in the integrative domain (2). This goal cannot be achieved easily, primarily because when one refers to "integrative," the reference must include the unimpeded activity of the central nervous system, particularly the forebrain and its principal output, behavior. Being able to record the pertinent physiological variables during ongoing behavior is a technical tour de force, and interpreting the data is equally daunting. This paper represents the first substantive data reported from a long-term program dedicated to making such measurements.
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Physiologists have historically emphasized the interplay between posture/locomotion (P/L) and circulatory adjustments as one approach to studying cardiovascular (CV) regulatory mechanisms. This has been a very productive approach (9), and in the carefully controlled laboratory situation it is now possible to specify which control mechanisms are operative, for example, during exercise or when an upright posture is assumed.
Granted that the major control mechanisms have been elucidated in the context of controlled laboratory variables, one can now begin to ask how these controls interact to produce the CV responses that actually occur in the course of everyday behavior. Although there is some understanding about the interactions between local controls and the predominant reflex controls, there is little understanding about how the higher neural control emanating from the forebrain acts upon the reflex and local control mechanisms to produce the ultimate CV response patterns. For example, is the CV pattern associated with the simple postural adjustment of standing up the same when one is sleepy as when one is frightened, angry, hungry, hot, cold, premenstrual, or depressed? Furthermore, how is the pattern of CV responses that accompany a particular behavior influenced by the immediately preceding CV levels? To gain some insights into such interactions, one first needs to have an exact description of the integrated dynamic CV response patterns that occur across various environmental and behavioral conditions. Furthermore, questions about how these responses vary from time to time within the same individual and how extensive the individual differences are between members of the population must also be addressed. The clinical relevance of this kind of information was clearly demonstrated in Pickering's (8) study, in which 24-h continuous recording of blood pressure in humans showed that a large percentage of individuals diagnosed as hypertensive and placed on antihypertension medication were in fact hypertensive only in the physician's office and should not have been on medication at all. We have little idea of just how representative a particular sample of CV activity is of the totality of CV responses.
For obvious practical reasons, such as the need to use invasive surgical procedures and the need to intrude in the personal lives of the subjects, it would be impossible to carry out the desired studies in humans. However, in an intensive lo-yr program, we have been studying social groups of baboons in a free-ranging environment. The animals have been implanted with flow transducers and an arterial pressure catheter so that we can telemeter their CV responses while simultaneously videotaping their behavior. The technology has been described in two publicati .ons (I,11 ) . The data prese nte d below were obtained by applying that techn .ology to 11 baboons CARDIOVASCULAR RESPONSES AND BEHAVIOR
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(the first two being the technique and methodological papers referenced above) in a series that will eventually present analyses that will parcel out the contributions of other relevant behavioral and environmental factors such as eating, fighting, sexual activity, estrous state, time of day, and so forth to the ultimate dynamic CV patterns.
Inasmuch as CV changes resulting from these factors are of necessity superimposed on one or another of the CV baselines associated with P/Ls, it is essential first to have a description of both static and dynamic CV patterns during changes in P/L. In the experiment described below, the variables selected to characterize these patterns were heart rate, mean blood pressure, renal arterial conductance, and either mesenteric or femoral arterial conductance. This paper will deal with the static conditions of posture and locomotion, which means that all CV data encompassed within the duration of a particular P/L will be treated uniformly, without regard to preceding behavior or environmental conditions. A companion paper will treat the dynamic conditions of transition from one P/L to another, including durations, recovery times, and interactions of one P/L with another.
It must be kept in mind that these results represent what the animal's CV responses actually are during freeranging behavior when all controls and varied environmental conditions are free to operate. We are able to interpret these results by virtue of recording for extended periods of time, thereby obtaining many randomly repeated instances of behaviors and environmental conditions.
The experimental controls therefore become statistical in nature rather than being determined by the experimenter.
METHODS

Subjects and Facilities
The experiments reported below were done as part of the US-USSR Exchange in the Cardiovascular Area, Program Area 7, Hypertension, at the Institute for Experimental Pathology and Therapy (IEPT) in Sukhumi, Republic of Georgia (at that time the Georgian Soviet Socialistic Republic, USSR) in April and May 1987 and September 1988. Six social groups of P. hmnadryas baboons, each consisting of two adult males, two adult females, and one infant, were studied. All animals were born at the IEPT. The groups had been established as social units 2-4 mo before the experiments began. As expected with this species, dominance-submission hierarchies were soon established, and the dominant male was readily identified. The animals were fed twice a day with prepared primate pellets, assorted vegetables, hard-boiled eggs and fruit. Water was available ad libitum. The compounds were washed every morning. The animals were inspected every day by trained veterinary personnel.
The groups were housed in large compounds (7 x 3.8 m) that were erected within a permanent concrete building open to the outside at the front. The fronts and backs of the compounds were made of bars, which served as climbing surfaces. One side was a concrete wall containing two small sliding doors that led into indoor cubicles for nighttime housing. The remaining side was made of bars covered on the outside with sheet metal. This side contained a metal door through which an aperture had been cut to allow video recording. The compounds contained perches on one wall and large wooden stumps placed in the center of the compound.
A recording booth was constructed outside the back of the compound opposite the open front of the building. The upper half of the recording booth had a glass front facing the compound so that an unimpeded view of the baboons was possible. The windows were equipped with curtains that could be closed when desired. The booth contained the receivers for the telemetered data, strip-chart recorder, computer, video recorder, oscilloscope, and electronic supplies.
Surgical Procedures
In the studies reported here, only the male baboons were equipped with the telemetry gear because the equipment was too heavy (2 kg) for the smaller females. We have subsequently miniaturized the equipment and can now record routinely from females.
Aseptic surgery was performed in the surgical suites of the IEPT. The animals were premeditated with ketamine hydrochloride (10 mg/kg), weighed, and anesthetized with pentobarbital sodium (35 mg/kg iv). A midline abdominal incision was made that allowed access to the left renal artery and the inferior mesenteric artery. In three animals, the deep femoral artery was approached through an incision in the femoral triangle. Pulsed Doppler flow transducers (10 MHz) were placed around the renal and one of the other arteries. Extreme care was taken not to damage nerves in the vicinity. An indwelling catheter was placed in the axillary artery and threaded down the thoracic aorta to a level just rostra1 to the renal arteries. After surgery, the animals were fitted with backpacks containing the recording and catheter flush equipment. They were returned to their social groups after 5 days of recovery.
Recording
The recordings all occurred during daylight hours. Recordings were begun each day when the animals were released from the sleeping cubicles into the main compound and were generally continued until midday, when a l-to 2-h break occurred. Recordings continued after that time until the group was returned to the sleeping cubicles. Interruptions occurred from time to time because of equipment failures or other uncontrollable events. Also, the implanted transducers operated longer in some animals than others, which meant that different amounts of data were gathered on each animal. The total recording time for the animals varied from 3 to 29 h. In general, even the lowest total recording time was gathered over a period of 1 wk, but because of random equipment failures, behavioral problems with the animals, or other unscheduled interruptions, the total recording time for some animals was low. Table 1 illustrates the total usable data derived from each animal and the number of days from which the data were obtained. Obviously, the later animals benefited from the early experience, and the longest recording times were obtained at the end of the experiment. Because of the sleeping arrangements for the groups, it was not possible to obtain nighttime sleeping records fromthis series of animals.
For a detailed description of the instrumentation, see Ref.
11. In brief, the backpack contained a four-channel telemetry transmitter, two pulsed ultrasonic Doppler blood flowmeters, a pressure transducer, two automatically activated syringes, a command receiver or a timer circuit, a battery pack, and a transmitting antenna. The two ultrasonic blood flowmeters employed zero-crossing detectors to produce signals analogous to the Doppler-shifted frequency. Early tests demonstrated a linear relationship with flow velocity in vitro. However, the calibrations necessary to relate every flow signal to flow velocity were not done. Hence the flow signals are expressed in kilohertz, and conductances are derived measures obtained by dividing kilohertz by mean arterial pressure. Behavioral data were recorded with a video camera on standard VHS videotape. Three R1460 CARDIOVASCULAR RESPONSES AND BEHAVIOR channels of CV data from one animal were multiplexed into a serially coded signal, transmitted, received, and recorded on one of two stereo channels of the videotape. Data from a second animal were stored on the other audio channel. At the same time, the received signal was delivered to a microprocessor, which decoded it back into analog signals. The analog signals were distributed simultaneously to a strip-chart recorder for display and to an analog data acquisition system interfaced to a PC-clone computer. A heart rate pulse was derived from the analog pressure signal by a heart rate monitor and computed by the computer. Thus all analog physiological data and video recordings of behavior were acquired and stored simultaneously. Synchronization of the recorded behavior with the CV data stored on the computer is critical to the experiments and was effected by the use of a vertical-interlace time-code generator (Shintron 690). This instrument provided time synchronization accurate to one video frame (16 ms) by recording a unique time stamp on each video frame that matched the time assigned to the CV values digitized during that frame. Later, as the videotape was coded for behavior, each computer keystroke indicating the first digit of a code that designated a new behavior also initiated the automatic retrieval of the time written on the current video frame. The time and code were then recorded in the database, which provided the cross reference to the corresponding CV data.
Data Analysis
Editing. Because of the occurrence of occasional transmission failures, such as "null spots" in the compound or artifacts introduced by jumping or other sudden movements that jostled the pressure catheter and transducer, all the data had to be edited. To do this, we compared the original analog data on the strip-chart records with the l-s averages derived from the computer. Artifacts were readily discriminated on the strip-chart records. We corrected the digitized data by linear interpolation when the artifacts were of short duration or by assigning a "missing data" value when distortion was of such duration that there was doubt about the actual values occurring during the artifact. In the latter case, the computer simply ignored the data.
Behavior coding. The critical features of this project center on the accuracy of the CV measurements and of the behavior analysis. Although the accuracy of the former rests largely with verifiable calibration techniques, the latter posed greater difficulty. First, we had to develop a code that accurately reflected those behaviors deemed to be important to CV control. Second, we had to apply the code to the videotaped data with great precision. Third, we had to review the results of the initial coding to ensure reliability and continued adherence to the original definitions established for the code categories. The code was developed over a period of several years (1). At first we carefully compared the CV and behavioral data at each step of the way so that all behaviors or events that reflected CV changes were included as coding categories. Those behaviors that did not appear to be associated with CV changes were not emphasized in the code structure (e.g., there is no code for head shaking), but at the same time we tried to make the code comprehensive for social dynamics. We achieved precision in the coding by using an industrial-quality video recorder with excellent variable slow-motion and single-frame advance capabilities. This made possible the temporally precise application of coding principles such as, "The first indication of lowering of the hindquarters represents the start of the Sit code." After the code definitions were completed, subsequent coding was blind, i.e., done without reference to the CV responses. The reliability of the coding was continually monitored by three trained coders reviewing every tape and achieving consensus on the accuracy of the codes applied.
LeveZ coding. Because we could not calibrate implantable blood pressure transducers at systematic intervals, we used a standard catheter with an external transducer. Because the blood pressure transducer was located in the backpack, it was impossible to orient it at heart level for all body positions; the height of the fluid column between heart and transducer depended on the posture of the animal. If the animal's body was horizontal in the ventral position, the transducer recorded 4-6 mm lower than the pressure at the heart; if the animal was lying on its back, the pressure measured was an equivalent amount higher. To eliminate this error, we reviewed all videotapes a third time, coded backpack position relative to heart level, and corrected all blood pressure values. Analysis procedures. It was possible to analyze the data in many different time frames, from a fraction of a second to hours. We selected a l-s interval on the basis that this would provide as fine a resolution as needed. Because of the necessity of dealing with a minimum of one cardiac cycle and because of the lags in the neural control system (neural transmission, transmitter release, and response time of the end organ), recording in a shorter time frame would not have added to the information content. The mean heart rate, mean arterial blood pressure, and mean blood flow values were computed on the l-s basis. Conductances were computed for the blood flows through each of the beds by a simple division of mean flow by mean aortic blood pressure. Precisely speaking, this division is of mean Doppler-shifted frequency by mean arterial pressure and does not imply that an absolute measure of conductance was obtained. Because the Doppler-shifted frequency is proportional to flow velocity, the value computed here is a linear function of conductance. These conductances were selected for representing the flow data in the analyses presented below. As implied above, of the 11 animals constituting the population of this study, all 11 had renal flow probes; of those 11, 8 had mesenteric flowprobe implants and the other 3 deep femoral artery implants.
Two different approaches were used to analyze the data. The static approach used all the l-s intervals and treated them as separate events to construct frequency distributions revealing means and variances of each of the CV variables as a function of the various categories of P/L. These could range, for example, from a distribution of the grand total of all the heart rate data recorded from all 11 animals to the distribution of blood pressure responses during low-level horizontal walking by a single animal during a single instance of this locomotion. Because of differing lengths of recording time among the sessions and the varying amount of any particular behavior shown by the individual animals, it was frequently necessary to present the normalized data in the form of percentages of frequencies.
The dynamic approach treated the l-s intervals as continuous data and examined the patterns of CV responses as a function of time.
RESULTS
In general, the expository approach to presenting the results is to present the most global data first and then to begin to parcel out the influence of one major variable after another and, in so doing, to be able to characterize the complexity of the results and subsequently to reveal the major controlling factors that contribute to the overall distribution.
The first analysis was to characterize the total population of CV values under consideration.
The normalized histograms in Fig. lA, which were developed by use of the l-s intervals as indicated above, demonstrate the approximation of both heart rate and blood pressure to normal Gaussian distributions both as a grand total (left) and as totals for individuals (right). It must be recognized that the grand total is biased by two major factors. First, there were large differences in the degree to which various animals contributed to this total distribution, i.e., we were able to record many more data from some animals than from others (Table 1) . Second, the means and, to a large degree, the shapes of the distributions were inordinately influenced by the predominance of the Sit posture (Fig. 2) .
The flow velocity measures were relative rather than absolute, i.e., linear within a single flow probe for the duration of its implant but not necessarily directly comparable among probes (animals) because of possible differences in gain settings. The gain of the system was constant for the electronics used to process the signals, but the Doppler shift is a function of the angle between the ultrasonic transducers (crystals) and the flow stream and the vessel diameter. Once a particular crystal is placed over a vessel, its position is fixed. The relative position varies from placement to placement. Hence an absolute calibration can be obtained only if a specific transducer is calibrated in situ against an independent measure of flow. For this reason the flow data for the group cannot be averaged. The distributions for flow conductances are therefore presented only for individual animals in Fig. 1B . Renal conductances assume an approximation to a unimodal Gaussian distribution. Mesenteric and femoral conductances show a marked positive skew. Because of the small size of the mesenteric artery relative to the dimensions of the flow transducer, and because there was little surrounding tissue available to fix the transducer securely, some recordings were considered unreliable because of unexplained drops to zero when no flow was recorded. We have the least confidence in the values derived from the CV changes associated with this bed, and therefore those data were not used in the static analysis. Some of the mesenteric conductance data, however, will be used for the dynamic analysis.
In attempting to understand the relation of these overall CV distributions to P/L, one must consider the distribution of frequencies of P/Ls as well. As indicated above, Fig. 2 shows that the overwhelming P/L represented in these distributions is Sit, which suggests that one might simply overlay the CV distribution for Sit on the overall distribution and have an excel1 .ent match Altho ugh this is true, subsequent analysis revealed 'that when each P/L was considered independently, interesting comparisons in distributions arose. The overall distributions were then parceled into subset distributions by selecting the data on the basis of individual P/Ls. When the data are parceled in this fashion, some distributions lose the unimodal form of the parent population and become bi-or multimodal.
The heart rate and blood pressure distributions for each P/L averaged for the 11-animal group are given in Fig. 3A . Because the group distributions of the arterial conductances from all animals cannot legitimately be averaged, Fig. 3B presents the data on renal and femoral conductance from a single animal, RG61, from which the most data were obtained. Table 2 presents values of heart rate, blood pressure, and renal conductance for each P/L. The data for renal conductance are presented as percent difference from the mean of the total renal conductance for each individual animal. The analysis of variance for related measures on these heart rate and blood pressure data (with missing data plugged with the grand mean, which is the most conservative approach) reveals overall significant differences across P/Ls (heart rate F = 16.91, P 6 0.0001; blood pressure F = 10.02, P 6 0.0001). To examine the variations in renal conductance changes with P/L, we compared the distributions statistically by using Friedman's two-way analysis of variance by ranks test (a nonparametric test for multiple conditions and related measures). The overall test was significant at P 6 0.001 (n = 11, K = 10, x2 = 41.67).
We used the Wilcoxon signed-rank test for paired comparisons to determine which P/Ls differ from each other. The matrix in Fig. 4 lists the significance levels with P 6 0.05, making all possible comparisons. Numerically, the most statistically significant comparisons are in renal conductance, followed by heart rate; the least are in blood pressure. These data have not been corrected for multiple comparisons (for example, the Bonferroni adjustment), but the significance levels are presented in the matrix, allowing the readers to select the level with which they are comfortable. These measures, however, do not convey information about which of those statistically significant differences are biologically significant regarding their ability to discriminate one P/L from another. An approach to this is to ask which CV variables are most responsive to changes from one P/L to another. The use of z-scores provides an index of how far a sample deviates from the mean of a particular distribution in terms of the standard deviation of that distribution.
The plot of zscores in Fig. 5 demonstrates that heart rate and renal conductance are very effective in providing this kind of discrimination;
i.e., the means of the distributions for each of the P/Ls for heart rate and renal conductance were generally located much farther from the mean of the grand distribution than were those for blood pressure. Blood pressure has some discriminative value for Hang but not as great as heart rate and renal conductance. In interpreting these data, one must keep in mind that Sit provides the preponderance of the measures making up the grand distribution (Fig. 2) , and therefore the z-scores for Sit for all variables should be close to zero (deviate little from the grand mean). This indeed is the case.
The small sample size (n = 3) precludes any valid statistical analysis of the femoral conductance measures. However, Fig. 3B illustrates the expected positive relation between femoral conductance and muscular activity. The loss of any approximation to the original positively skewed distribution and the increased range of values in some of the P/Ls is striking.
A further breakdown of these distributions was performed by focusing on a single P/L and parceling the scores associated with behaviors, i.e., the second and third digits of the original three-digit code (1). The results from a single animal (RG72) are shown as an example in Fig. 6 . The histograms for Walk Horizontal (6nn of the code) are broken down into the various behaviors this animal performed while walking. They are further broken down by the third digit of the code for those behaviors in which the third digit is an intensity designator, e.g., Eating (nln), Nonspecific (n8n), and Aggression (n7n) may be analyzed into two or three levels of intensity. This third digit is intended to be a reflection of Values are means k SE; n, no. of days of data collection. Numbers in parentheses are no. of total data points derived from each animal.
variance or Friedman test, P < 0.001). Femoral flow was of general regulatory mechanisms. The distributions of not recorded on enough animals to perform a valid sta-mean blood pressure emphasize that although blood prestistical test, but visual inspection of the distributions sure is in general well regulated, the amount of variability from a single animal (Fig. 6B) shows the expected in-both between and within individuals is quite extensive creases in femoral blood flow conductance during higher and provides additional support for the results reported levels of movement and energy expenditure.
by Pickering (6).
DISCUSSION
When large numbers of data points are analyzed across all postures and locomotions, heart rate, blood pressure, and renal conductance approximate a Gaussian normal distribution, whereas femoral conductance has a sharp positive skew. However, all these measures are associated with large variability, apparently because of the large numbers of conditions allowed to operate freely in the situation, which may induce regulatory adjustments specific to the particular L/P, or because of varying degrees
The positive skew of the femoral conductance might be considered to be an artifact of sampling bias stemming from the preponderance of samples derived from the Sit posture, which should group flow and conductances at the low end. Although on the one hand it is true that the distributions of femoral conductances associated with P/Ls other than Sit, Lie, and Stand Horizontal do not retain the skew (Fig. 3B) , it is also true that if the preponderance of Sit events were the major determinant in producing the skew, the other CV variables should also be positively skewed inasmuch as they Values are means +: SD. Heart rate and blood pressure values for each posture/locomotion were computed from original measurements. Renal conductance values were computed from each individual animal's mean expressed in percent. Each individual animal's mean renal conductance was calculated as percent of that animal's total data population mean; e.g., mean renal conductance for all Run data of a given animal is on average 50% lower than that animal's own total data mean renal conductance.
also are influenced by the same preponderance of samples of Sit. This skew is best considered to represent the action of the basic physiological determinants of muscle blood flow in contrast to determinants of flows through other beds. In this regard the system regulating flow through the femoral artery (which predominantly supplies muscle tissue) operates on a demand basis rather than on a feedback control system, such as is the case with blood pressure control. This system might be Hang characterized as a positive-demand system that has a Fig. 4 . Matrix of comparisons of all P/Ls against all others for differvery low resting requirement for blood but also has the ences in heart rate (HR), blood pressure (BP), and renal conductance capacity for very large increments of flow when appro- (RC) . No correction has been made for multiple comparisons.
priate demands are placed on it. Figure 3B illustrates how the total distribution (left) of femoral conductance measures from one animal is parceled into very different distributions depending on the P/L, none of which even left. Inspection of Fig. 1 animals are ultimately added to the database, the distribution may be markedly bimodal. However, for the animals in the current study, the distributions indicate that during the major portion of waking hours the renal vasculature was subject to some sort of vasoconstrictor activity, which may have been reduced during certain behavioral or postural conditions.
The degree of overlap among these distributions from one P/L to another is impressive. At first glance, this may suggest that CV responses are not uniquely associated with a particular P/L, e.g., the same CV values for any particular variable may accompany both Run and Sit. However, for some P/Ls, the means of those CV distributions are statistically different from each other, and the patterns of CV responses may be uniquely associated with a particular P/L.
The failure of blood pressure to differentiate P/Ls in any major fashion is in one way striking and in another to be expected. On the one hand, recognizing that mean blood pressure can vary from -70 to ~170 mmHg (Fig. 1) might lead one to expect that differences in P/L would certainly represent a major factor in producing this variability. However, the only posture that is separate in any major way is Hang, which is unique from other postures in that it is the only one that requires active cocontraction of limb muscles to maintain the posture. The Hang posture closely approximates the conditions of static exercise mans which has been repeatedly demonstrated in hu-(6, 7) to produce much higher levels of arterial pressure than dynamic exercise. Indeed, even when the blood pressure values for Hang are removed from the distribution, the range of the distribution does not change at all. On the other hand, if one accepts the general notion that blood pressure is well regulated by baroreflexes, then it is no surprise that blood pressure among the various P/Ls differs only slightly.
In contrast, heart rate discriminates in a major way between P/Ls. The heart rate associated with Sit is different from that associated with all other P/Ls except Lie and Stand Horizontal. However, there are some comparisons that lead one to question the validity of intuitive or generally expected associations here. A case in point is that there is no significant difference between the heart rates associated with Run and Walk. Clearly, there must be a greater cardiac output associated with running, so one would expect a higher heart rate during Run. The failure of this expected relationship may be explained by the phenomenon illustrated in Fig. 6A , which shows that the influence of the behavioral intensity factor separates the distributions much more dramatically than either P/Ls or behaviors. That is, emotional or motivational factors may be the major driving force for heart rate and may be capable of producing heart rate levels equivalent to those seen during Run. Although it is not the case that any one of the CV measures under consideration here will uniquely discriminate among the various P/Ls, the patterns of the combinations of these variables do discriminate quite well. This is best demonstrated by examining Fig. 5 , where the magnitude of the z-scores provides an indication of the degree of involvement of each variable in each P/L. w 'hen the database is expanded to include more femoral conductance measures, that measure will provide additional pattern complexity, enabling one to 160 Heart Rate Blood Renal Effect of 3 levels of intensity of behavior on magnitude of 3 CV variables. Each animal's CV data associated with Nonspecific Walk Horizontal was parceled into 3 intensity levels. Percentage change for each level from mean of all levels combined was determined. Average percentage change for group of 11 animals was then determined. For example, renal conductance during high-intensity nonspecific walking with body in horizontal position is on average only 43% of renal conductance for all instances of Walk Horizontal.
describe each P/L in a unique fashion by its pattern of CV responses.
particular
The origins of these patterns will be a major discussion point among integrative biologists in the future. Are the patterns determined by preprogramming from the central nervous system, or are they the result of the action of spinal or brain stem reflexes superimposed upon peripheral metabolic requirements ? The centra .l nervous system undoubtedly contributes in some way to each of the patterns, but the degree to which it is involved in establishing the complete pattern of cv response brings up the centuries-old argu .ments over the existence of "centersn in the bra .in. Although there is evidence for a localized set of cells in the hypothalamus that organize the CV responses associated with emotion (IO), and central command is fairly well accepted as an essential component of the CV response to exercise (3-G), there is little other evidence that behaviorally significant patterns of CV action are centrally organized. This lack of evidence may be caused by a combination of factors: 1) the patterns have not been adequately described and 2) as a result, no one has yet searched the brain for neuronal assemblies producing those patterns. al Taking everything under consideration, it is clear that though an animal's P/L is a factor in determining the characteristics of the distributions of eat h CV variable, there are othe r determinants that may exert an even greater effect on the final distribution.
A dramatic instance of this is represented in Fig. 6 , where the P/L is the same (Walk Horizontal) but the intensity measure of the behavior accompanying walking results in a separation of the distributions as great as, or greater than, that achieved by comparing any two P/Ls. It can be seen that the overall distribution for the CV variables (Fig. 6 , left) is quite variable and that a large measure of that variability is removed when one parcels out the effect of intensity.
